The families Caulobacteraceae and Rhodobacteraceae have been placed in the orders Caulobacterales and Rhodobacterales, respectively, within the class Alphaproteobacteria (Garrity et al., 2005) . However, Lee et al. (2005) placed the family Rhodobacteraceae in the order Caulobacterales on the basis of 16S rRNA gene sequences and created the family Hyphomonadaceae in the order Caulobacterales. The family Hyphomonadaceae initially included four genera, Hyphomonas, Hirschia, Maricaulis and Oceanicaulis (Lee et al., 2005) , which were previously classified as members of the family Rhodobacteraceae (Strömpl et al., 2003; Garrity et al., 2005) . Subsequently, further genera, including Hellea, Henriciella, Litorimonas, Ponticaulis, Robiginitomaculum and Woodsholea, have been classified as members of the family Hyphomonadaceae (http://www.bacterio.cict.fr). Most bacteria of the family Hyphomonadaceae are characterized by having one or two stalks. These strains have been isolated from marine habitats such as seawater (Lee et al., 2007; Alain et al., 2008) , brackish water (Schlesner et al., 1990) , hydrothermal vents (Weiner et al., 2000) , beach sand (Jung et al., 2011) , shellfish beds (Weiner et al., 1985) and dinoflagellates (Strömpl et al., 2003) . In this study, three strains, designated 0C-2-2 T , 0C-17 and LNM-3, were isolated from the red alga Porphyra yezoensis. We describe the phylogenetic, genetic, phenotypic and chemotaxonomic characters of the three novel strains.
Thalli of P. yezoensis were cultured at 17 u C in a sterile modified half-strength SWM-III medium (Ogata, 1970) . Samples of the culture medium and the thalli were incubated on marine agar 2216 (MA; Difco) at 20 u C for 2 weeks. Strains 0C-2-2 T and 0C-17 were isolated from culture medium in separate lots. Strain LNM-3 was isolated from a thallus surface. Litorimonas taeanensis G5 T and Hellea balneolensis DSM 19091 T were used as reference strains in all the following tests. MA and marine broth 2216 (MB; Difco) were used for routine culture of all strains. The novel strains were maintained at 20 u C, while L. taeanensis G5
T and H. balneolensis DSM 19091 T were maintained at 25 uC. All strains were stored at 280 uC in 20 % (v/v) glycerol.
DNA was prepared by the method of Johnson (1981) . The 16S rRNA genes of the three strains were amplified using universal primers 27F and 1492R (Weisburg et al., 1991) and the almost-complete 16S rRNA gene sequences of strains 0C-2-2 T (1331 bp), 0C-17 (1349 bp) and LNM-3 (1331 bp) were determined using six sequencing primers, 27F, 519F, 1190F, 530R, 760R and 1492R (Satomi et al., 1997) , using an automated DNA sequencer (model 3100; Applied Biosystems). Sequences closely related to those of the novel strains were obtained from the GenBank, EMBL and DDBJ databases with the BLASTN algorithm (Altschul et al., 1990) . The 16S rRNA gene sequences of the novel strains and related strains were aligned using CLUSTAL_X (Thompson et al., 1997) and sequence similarities, with alignment gaps and ambiguous bases omitted, were calculated using MEGA version 4 (Tamura et al., 2007) . Phylogenetic trees were reconstructed according to neighbour-joining, maximum-likelihood and maximum-parsimony analyses. The neighbour-joining tree was reconstructed with a bootstrap through 1000 replications based on Kimura's two-parameter model (Kimura, 1980) using MEGA version 4 (Tamura et al., 2007) . Maximum-likelihood and maximum-parsimony trees were reconstructed using PHYLIP version 3.69 (Felsenstein, 2009) . The 16S rRNA gene sequences of the three strains were identical. The 16S rRNA gene sequence of strain 0C-2-2 T had similarities of 96.5 and 94.3 % to those of L. taeanensis G5 T and H. balneolensis 26III/A02/215 T , respectively. The phylogenetic tree based on neighbour-joining analysis showed that the three strains belonged to the family Hyphomonadaceae and formed an independent group with a high bootstrap value of 100 % (Fig. 1 ). This clustering formation was also recovered in the maximum-likelihood and the maximum-parsimony analyses.
DNA G+C content was determined using HPLC with a reversed-phase column (COSMOSIL 5C 18 -MS-II; Nacalai Tesque) according to the method of Tamaoka & Komagata (1984) . DNA of a Tetragenococcus halophilus industrial strain (Bio'c) was used as a control in the experiment. DNA-DNA hybridization was performed by the microplate hybridization method (Ezaki et al., 1989) T in this study was distinct from the original value of 63.6 mol% reported by Jung et al. (2011) . The DNA G+C content of the T. halophilus industrial strain was 36.1 mol%, which was similar to a value reported previously by Justé et al. (2012) , and our method yielded accurate measurements in a previous study (Fukui et al., 2012) . Furthermore, we examined a partial sequence of the 16S rRNA gene of L. taeanensis G5 T and confirmed that the sequence had 100 % similarity to that in the databases. There 
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Hyphomonas polymorpha were significant differences of .10 mol% in G+C content between the three novel strains (58.5-60.2 mol%) and their closest phylogenetic neighbours (47.1-47.9 mol%), which indicates that the three strains belong to a different genus (Stackebrandt & Liesack, 1993) . DNA-DNA hybridization among strains 0C-2-2 T , 0C-17 and LNM-3 was 99.0-101.6 %, suggesting that the three isolates belong to the same species (Wayne et al., 1987) . On the other hand, strain 0C-2-2 T was a member of a different species from L. taeanensis G5 T (1.2-1.8 % relatedness) and H. balneolensis DSM 19091 T (1.2-2.5 %).
Cell morphology and the presence of a flagellum and a stalk were observed by transmission electron microscopy (JEM-1200EX II; JEOL). Motility and the Gram-stain reaction (Merck) were ascertained by use of a light microscope (BX50; Olympus). Colony morphology and pigmentation were observed on MA. Pigments were extracted with acetone/methanol (7 : 2, v/v) (Biebl et al., 2005) and the absorption spectrum between 350 and 900 nm was determined using a U-2000A spectrophotometer (Hitachi). The following phenotypic tests were carried out using samples inoculated over a period of 2 weeks. Growth under anaerobic conditions was tested on MA using an Anaero Pack (Mitsubishi Gas Chemical). Temperature for growth was determined on MA at 5-40 u C (at intervals of 5 u C). The pH range for growth was determined in MB adjusted to pH 4.0-10.0 (at intervals of 1 pH unit), using 1 M NaOH and 1 M HCl solutions. After autoclaving, the pH of the MB was measured again and readjusted with 1 M NaOH or 1 M HCl. The range of NaCl concentrations for growth was determined in MB prepared with 0.02, 0.5 and 1-10 % (at intervals of 1 %, w/v) NaCl (Alain et al., 2008 (Baumann et al., 1972) supplemented with 0.1 % (w/v) yeast extract. Antibiotic susceptibility was determined using a disc diffusion method with commercial discs (Eiken Chemical or Becton Dickinson) or filter paper discs impregnated with different antibiotics. Antibiotic susceptibility as scored was positive when the diameter of the inhibition zone was above 10 mm (Alain et al., 2008) .
The phenotypic characteristics of the three isolates are given in the species description and in Table 2 . The three isolates had rod-shaped cells that possessed a polar flagellum or a prostheca (Fig. 2) , stained Gram-negative and showed aerobic growth, features that are frequently observed for members of the family Hyphomonadaceae. The three isolates produced an orange pigment(s) with an absorption maximum at 483-486 nm, which was identical to a carotenoid (Biebl et al., 2005) . The absorption peak around 770 nm characterized by the presence of bacteriochlorophyll a (Biebl et al., 2005) was not observed. Differences in phenotypic traits between the three strains, L. taeanensis G5 T and H. balneolensis DSM 19091 T are shown in Table 2 . In particular, 11 phenotypic features (mode of division, growth at 35 u C, nitrate reduction, hydrolysis of gelatin, lipase and cystine arylamidase activities, utilization of sucrose, starch, glycogen and 2-ketogluconate and susceptibility to streptomycin) were different between the three strains and the related species.
Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v) after incubation in MB, and the type and length were determined by an HPLC method according to the method described by Akagawa-Matsushita et al. (1992) . Polar lipids and fatty acid methyl esters (FAMEs) were extracted according to the methods described by Minnikin et al. (1984) and Ikemoto et al. (1978) , respectively, after the three isolates were cultured on MA at 20 u C for 10 days to the stationary growth phase. Polar lipid spots on two-dimensional TLC were identified by spraying with the appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . The FAMEs were examined using a GC equipped with a flame-ionization detector (GC-2010; Shimadzu) and a capillary column (Omegawax 320; Supelco) and were identified by comparing the retention times of a sample to those of a standard (Supelco). Furthermore, for the fatty acids (.1 % of the total), FAMEs and DMOX derivatives (Luthria & Sprecher, 1993) were identified by GC-MS (HP 5973N; Agilent Technologies). The predominant isoprenoid quinone of all isolates was ubiquinone-10 (Q-10), which is observed in many members of the class Alphaproteobacteria (Martens et al., 2006) . TLC profiles of the polar lipids of all five strains are shown in Fig. 3 . The common polar lipids in all five strains were phosphatidylglycerol, glucuronopyranosyl diglyceride, monoglycosyl diglyceride, three unidentified phospholipids and an unidentified glycolipid (GL1). A second unidentified glycolipid (GL2) was detected in L. taeanensis G5 T only. The presence of phosphatidylglycerol, glucuronopyranosyl diglyceride and monoglycosyl diglyceride is characteristic of members of the family Hyphomonadaceae (Alain et al., 2008) . The total cellular fatty acid compositions of the isolates are shown in Table 3 . The major fatty acid in the three novel strains was C 18 : 1 v7c (34.9-71.6 %), which is typical of the class Alphaproteobacteria (Alain et al., 2008) , followed by C 18 : 1 2-OH, C 18 : 0 and C 19 : 1 v8c. The contents of C 17 : 0 , C 18 : 1 v7c, C 19 : 1 v8c and C 19 : 1 2-OH (.5 %) in strain 0C-17 were distinctly different from those in strains 0C-2-2 T and LNM-3. In order to examine these differences among the three strains, we also examined FAMEs at an early period of incubation (8 days), but these results were similar to those after 10 days of incubation. The three novel isolates contained C 19 : 0 , whereas L. taeanensis G5
T and H. balneolensis DSM 19091 T contained C 18 : 2 v7,13c and/or C 19 : 2 v7,14c. Unsaturated nonadecanoate fatty acids and 2-hydroxy fatty acids (except C 18 : 1 2-OH) were detected for the first time in the family Hyphomonadaceae. The differences between this study and previous studies (Alain et al., 2008; Jung et al., 2011) can be attributed to the extraction method of FAMEs and culture temperatures. 
Carbenicillin (100 mg) In conclusion, on the basis of phylogenetic, genetic, phenotypic and chemotaxonomic features, strains 0C-2-2 T , 0C-17 and LNM-3 represent a novel species in a new genus, for which we propose the name Algimonas porphyrae gen. nov., sp. nov. In particular, A. porphyrae strains had higher G+C contents (58.5-60.2 mol%) than related genera (47.1-47.9 mol%). Eleven phenotypic features and the contents of several fatty acids in the three strains also distinguished them from members of related genera.
Description of Algimonas gen. nov.
Algimonas (Al.gi.mo9nas. L. n. alga seaweed; L. fem. n. monas a monad, a unit; N.L. fem. n. Algimonas a monad isolated from seaweed).
Cells are Gram-negative, straight to slightly curved rods. Many cells are non-stalked and possess a polar flagellum for motility. Some cells possess a prostheca. Multiplication occurs by binary fission. Cells produce orange carotenoid pigments. Bacteriochlorophyll a is not found. Aerobic conditions and NaCl are required for growth. The predominant isoprenoid quinone is Q-10. Polar lipids are phosphatidylglycerol, glucuronopyranosyl diglyceride, monoglycosyl diglyceride, three unidentified phospholipids and an unidentified glycolipid. The major cellular fatty acid is C 18 : 1 v7c. The genus belongs phylogenetically to the family Hyphomonadaceae in the class Alphaproteobacteria. The DNA G+C contents of known strains are 58.5-60.2 mol%. The type species is Algimonas porphyrae.
Description of Algimonas porphyrae sp. nov.
Algimonas porphyrae (por.phy9rae. N.L. gen. n. porphyrae of Porphyra, referring to the isolation of the first strains from the red alga Porphyra yezoensis).
In addition to the description of the genus, the following properties are exhibited. Cells are 2.13 mm long and 0.37 mm in diameter (means from 25 cells) in MB after 5 days of incubation. Colonies on MA are circular, convex, entire and 0.22 mm in diameter (mean from 25 colonies) after 10 days of incubation. Growth of the type strain occurs at 10-30 uC (optimum, 20 u C), pH 6.0-9.0 (optimum, pH 7.0-8.0) and 1-5 % (w/v) NaCl (optimum, 2-3 %). Oxidase-negative and catalase-positive. Methyl red and Voges-Proskauer reactions are negative. H 2 S and indole are not produced. Aesculin and Tweens 20, 40 and 80 are hydrolysed, but agar, alginate, DNA, gelatin and starch are not. No acid is produced from carbohydrates. Nitrate reduction activities are present. With the API ZYM system, the type strain tests positive for alkaline phosphatase, esterase, esterase lipase, leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for lipase, cystine arylamidase, trypsin, chymotrypsin, a-and bgalactosidase, b-glucuronidase, a-and b-glucosidase, Nacetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. With the API 50CH system, the type strain utilizes galactose, glucose, mannose, aesculin ferric citrate, maltose and starch, but not glycerol, erythritol, D-or L-arabinose, ribose, D-or The type strain is 0C-2-2 T (5LMG 26424 T 5NBRC 108216 T ), isolated from the red alga Porphyra yezoensis. Strains 0C-17 (5LMG 26425 5NBRC 108217) and LNM-3 (5LMG 26426 5NBRC 108218) are reference strains of the species, isolated from the same source.
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